
IOSR Journal of Applied Physics (IOSR-JAP)  

e-ISSN: 2278-4861.Volume 9, Issue 5 Ver. III (Sep. - Oct. 2017), PP 64-70 

www.iosrjournals.org 

DOI: 10.9790/4861-0905036470                                  www.iosrjournals.org                                           64 | Page 

 

 Prediction of magic numbers of heavy and super heavy nuclei 

from the behavior of α-decay half-lives 
 

M Ismail
1
, I A M Abdul-Magead

1
 and Samar Gamal

2
 

1
Physics Department, Faculty of Science, Cairo University, Egypt

 

2
Physics Department, Faculty of Science, El-fayoum University, Egypt 

Corresponding Author: Samar Gamal 

 

Abstract: In the framework of the preformed-cluster model, a simple method  for   calculating α-decay half-

lives (
1 / 2

T )  of even-even nuclei in the range 90 ≤ 
p

Z ≤ 122 and 112 ≤ 
p

N ≤ 190  is derived using the WKB 

approximation Then, the neutron number variation of 
1 / 2

( )lo g T is studied to explore  nucleon magic numbers. As 

a result, the predicted neutron and proton magic numbers are N=126, 162, 178 and 184 and Z=108, 114, 118 

and 120, respectively, which are found in consistent with those predicted in other studies. 
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I. Introduction 
Alpha(α) particle emission is one of the most important decay channels for unstable heavy and super 

heavy nuclei [1, 2].This phenomenonwas discovered by Rutherford [3, 4]in 1899.Actually, there are two natural 

forces governing the process of α-decay within the nucleus. The first one is the short-range, strong, attractive 

nuclear force which binds the nucleons together within the nucleus. The second one is thelong-range, repulsive 

Coulomb force between the protons in the alpha particle and those in the daughter nucleus. The balance between 

these two forces comprises a well-like Coulomb barrier. Forα particle to escape from the nucleus, it has to 

penetrate this potential barrier.In 1928, the Russian-American physicist Gamow[5], and then, independently, 

Gurney and Condon[6], proposed the mechanism of the α- decay using the idea of quantum tunneling in which 

the barrier penetrability was calculated using Wentzel-Kramers-Brillouin (WKB) approximation[7, 8].Later on, 

many theoretical models such as cluster-model[9-11],Coulomb and proximity potential model[12] and fission-

like model[13, 14]were performed to describe the α-radioactivity, to extract a varity of detailed information 

about the nuclear structure[15-18]and to predict the absolute of α- decay width. In the unified fission model[13, 

19], the α- decay width is simply the product of the assault frequency ν(the number of collisions of alpha 

particle per unit time with the barrier, calculated using the classical method[20]) and the barrier penetrability 

Pcalculated using the WKB approximation. 

According to preformed cluster-model[9-11], α particle is assumed to be preformed in the parent 

nucleus before penetrating the barrier.As a result, a spectroscopic factor, called preformation factor, S


, was 

introducedto describe the preformation probability to find an alpha particle inside the nucleus at the nuclear 

surface. It can be calculated by dividing the experimental α-decay width by the barrier penetrability. Besides,the 

decay constant could be defined as the product of the assault frequency, the barrier penetrability, and the α 

preformation factor. However, the preformed cluster- modelneeds heavy numerical calculations. So, a number 

of authors[21-30]replaced this model by deriving simple  formulae for the α-decay half-lives (
1 / 2

T ). 

Subsequently, the present paper introducesa simple new model for calculating α-decay half-lives and testsits 

ability to produce the more complicated calculations based on the density dependent cluster model used 

frequently in α- decay calculations. 

 It is known that the possible existence and the location of the stability of heavy and super heavy nuclei 

play very important rule not only for checking the present theoretical models but also extending the nuclide 

chart in nuclear physics. In this contribution, the study of the behavior of the calculated 
1 / 2

T  for heavy and super 

heavy nuclei was used to get information about the stability of nuclei. In 1960s a number of theoretical 

calculations[31-36]were performed and indicated to the existence of an island of long-lived super heavy 

elements at Z=126, N=184. Using axially deformed relativistic mean field calculations, Patra et al[37]predicted 

the existence of magic numbers at Z=120 and N =172 or 184. Recently, Ismail et al[16]predicted stabilities at 

Z=100, 104, and 108 and N=152, 162,178 and 184, owing to the stability of parent nuclei against alpha 
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decayduring the calculations of α-decay half-lives of heavy and super heavy nuclei in the framework of the 

preformed alpha model. Presently, we will focus on exploring proton and neutron magic numbers for heavy and 

super heavy nuclei using oursimple model of calculation. 

The paper is organized as follows. In Sect.2 we present the formulas and the parameters of the simple 

model for calculatingthe alpha half-lives and the summary and discussion are in Sect.3.Finally, in Sect.4 we 

give a brief conclusion. 

 

II. Theoretical Framework 

In the present work, a simple method for α-decay half-lives (
1 / 2

T ) of heavy and super heavy nuclei is 

derived using the WKB approximation for the penetration of the Coulomb barrier with the Woods-Saxon 

potential for the nuclear part and the Langer modified centrifugal potential for the centrifugal part.Furthermore, 

a set of parameters of the potentials were obtained by fitting the experimental data for several fusion 

reactions[38].According to preformed cluster-model[9-11], an alpha particle is assumed to preformed in the 

parent nucleus of a ground state which is assumed to be an alpha cluster orbiting the daughter nucleus. The α-

daughter interactionV(R)[16, 39] can be written as;   

 ( ) ( ) ( ) ( )
N C C f

V R V R V R V R    (1) 

where R  is the distance between the centers of alpha particle and the daughter nucleus and the potentials 
N

V , 

C
V and 

C f
V are the nuclear, the Coulomb and the centrifugal potentials, respectively. For the nuclear potential 

we adopt the Woods-Saxon formwhich is characterized by a depth 
0

( , , )
d d

V A Z Q


 and diffuseness 
0

a , thus 
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Also the Coulomb potential is adopted to be given by[10]  
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here the parameters of these potentials were obtained by fitting the experimental data for several fusion 

reactions[38].   
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where Ad and Zd are the mass number and atomic number for the daughter nucleus, respectively, and Qαis the 

alpha decay energy. For the centrifugal potential we adopt the Langer modified centrifugal potential[40], 
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,  (7)  

where l is the angular momentum which will be carried by an emitted alpha particle. The value of l  is taken to 

be the minimal value of alpha particle during alpha transition and will be obtained using the following spin-

parity selection rule, 

     an d      ( 1)
l

p d p d p d
J J l J J         
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where
p

J , 
p

 and
d

J ,
d

 are the spin and parity of the parent and daughter nuclei, respectively. When the 

decay energy, Qα , of  alpha particle is less than the Coulomb barrier, the penetrability, P (Q )


, can be 

calculated using  the WKB approximation as;  

 
2

   P (Q ) 2 ( ( ) Q )

R o u t

R in

E X P V R d R
 


 

  

 



 (8)  

where 
in

R and 
o u t

R are the inner and outer classical turning points of the barrier at which 

( , ) Q
in o u t

V R R R


   and their values are calculated numerically, 
4

  
4

d

n u c

d

A
M

A
 


is the reduced mass 

of α particle and the daughter nucleus. With Ad are the atomic mass number for the daughter nucleus, and 
n u c

M  

is the nuclear mass unit,
2

9 3 1 M e V /c
n u c

M  [41].Then the α-decay half-life (T1/2) is expressed as [31, 38] 

 
1/ 2

ln 2
T 




 (9)   

here  is the decay width which is related to the penetrability of α-decay by: 

 ( ) ( )S P Q P Q
  

      (10) 

where   is the assault frequency of alpha particle at the barrier, S


 is the  preformation factorwhich was taken 

to equal to 1.0  for even-even heavy and super heavy nucleiand ( )P Q


 is the penetrability of alpha particle. 

For spherical nuclei, the factor  is parametrized as[38], 

  
1/ 6 1 9

6 .1 8 1 4 0 .2 9 8 8 1 0
d

A


   . (11)  

 

III. Results 

The purpose of this investigation is to explore proton and neutron magic numbers in heavy and super 

heavy nuclei using the present simple model of calculations given in Sect.2. This is performed from studying  

the behavior of the decimal logarithm of half-lives 
1 / 2

( )lo g T  for different isotopes of nuclei as a function of 

neutron number of the daughter nuclei. We consider the even (
p

Z )-even (
p

N ) nuclei with atomic numbers 

within  the range 90 ≤ 
p

Z ≤ 122  and neutron numbers range 112 ≤ 
p

N ≤ 190. The Q


values of the alpha 

decay are taken from [42] and the Q


values missed in [42] are taken from [41, 43]. It is assumed that the 

stability of the daughter (parent) nuclei is proportional to the depth (height) of the minimum (maximum) value 

in log T1/2.Thus, we will focus on the clear  minimum and maximum values of  
1 / 2

lo g T which occur at specific 

values of neutron number of the daughter nuclei. Indeed, for the given group of isotopes, 
1 / 2

T  reaches a 

minimum value for the parent isotope with the daughter nucleus having a larger stability or nucleon magic 

number. This results from the role of the shell effect in α-decay transition. As a consequence, the present study 

predicted neutron magic numbers N=126, 162, 178 and 184 and proton magic numbers Z=108, 114, 118 and 

120. 

 

IV. Discussion 

Figure 1 shows the variation of decimal logarithm of α-decay half-lives (
1 / 2

lo g T ) for even-even nuclei 

with 9 0    9 9  
p

Z   as a function of neutron number of the daughter nuclei. It can be seen from fig.1 that 

1 / 2
lo g T reaches a minimum value at 

d
N =126 (well-known magic number)  for all Zp-values corresponding to 

p
N =

d
N +2 (neutron number of the parent nucleus). To illustrate, when the nucleon number of the parent 

nucleus becomes more than nucleon magic number by more than two nucleons, the parent nucleus tends to be 

more stable by emitting α-particle. Subsequently, log
1 / 2

T  reaches a minimum value.Thus, the closer the 

daughter nucleon number to a magic number, the smaller the half-life of the parent nucleus. 
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Fig.1 The calculated  decimal logarithm of α-decay half-lives (logT1/2 )  for even-even nuclei within the range  

90 ≤ ZP ≤ 100 as a function of neutron number of the daughter nuclei. 

 

  Figure 2 shows the same as fig.1 but for the range 1 0 0   1 1 0
p

Z  . It can be seen from  fig. 2 that 

1 / 2
lo g T  reaches  a minimum value at 

d
N =152 corresponding to the parent neutron number 

p
N  =154. So, we 

may conclude that 
d

N =152 is a daughter-neutron magic number as in Refs.[43-47]. In addition, another 

minima for 
1 / 2

lo g T  is seen in fig. 2 for most  Zp  curves at 
d

N =162  which can be considered as neutron magic 

number as in Refs. [43, 45-50]. As pointed earlier, the stability of the daughter nuclei is proportional to the 

depth of the minimum value in log T1/2. This means that, the nucleus has a larger stability corresponds to a 

deeper minimum. Besides, it is obvious from fig. 2 that, the deepest minimum in log T1/2  at
d

N =152 and 162 

corresponds to  Zd =108. Thus, Zd =108 may be  concluded as  a proton magic number as in Refs.[43, 46-48]. 

 

 
Fig.2 the same as fig. 1 but for the range 100 ≤ ZP ≤ 110. 
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Figure 3 shows the same as fig.1 but for elements within the Zp-range 112 ≤ Zp≤122.  Figure 3 

enhances fig. 2 conclusion that 
d

N  =162 is a neutron magic number because there are clear minima in log T1/2 

at it. Besides, few weak minima in log T1/2 at 
d

N  =178 and clear ones at 
d

N =184 are obtained in fig. 3. As a 

result, 
d

N  =178 as in Ref. [51] and 184  as in Refs.[50, 52, 53] are neutron magic numbers. Due to the lowest 

minima at 
d

N  =162, 178 and 184 corresponding to 
d

Z =114 (Zp = 116), 118 (Zp = 120) and 120 (Zp = 122), 

respectively, these Z-values may be predicted as proton magic numbers. Besides 
d

Z =114 and 120 are 

concluded as proton magic numbers in Refs.[37, 54]. 

 
Fig.3 the same as fig. 1 but for the range  112 ≤ ZP ≤ 122. 

 

It is noted from the figures discussion that it is possible to predict proton and neutron magic numbers 

for heavy and super heavy nuclei from studying the behavior of α-decay half-lives as a function of neutron 

number of the daughter nuclei using the present simple method.  

 

V. Conclusion 

In the framework of the preformed-cluster model, a simple method for  calculating 
1 / 2

T of heavy and 

super heavy nuclei is derived using the WKB approximation for the penetration of the Coulomb barrier with the 

Woods-Saxon potential for the nuclear part and the Langer modified centrifugal potential for the centrifugal 

part.Then, the variation of 
1 / 2

lo g T with neutron numbersof the daughter nuclei was studied. Consequently, it is 

found by simple calculations for the alpha decay half-lives that N = 126, 152, 162, 178 and 184 are neutron 

magic numbers and Z = 108, 114, 118 and 120  are proton magic numbers.In fact, these magic numbers are in a 

good agreement with those predicted in other studies. 
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